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 running from north-west to south-east between us and the El-geyo
 escarpment. These hills are marked on the Intelligence Division map,
 but they are made to run nearly up to the L-nolmosigeyui river. They
 are called L-gek oiperi (lit. trees for cutting) and the Taragwa hills.
 Ol-daragwai or En-daragwai is the Masai for a juniper tree.
 August 14.-After a 5-mile march in a south-westerly direction we
 reached the Tergee * river, and shortly afterwards we crossed the Ol-esos
 river, leaving a salt-lick called 01-are l'ol-esos behind us. The words
 Ol-are l'ol-esos have possibly been wrongly copied on the Intelligence
 Division map as the rivers Walerie and Leosos. We passed to the west
 of the Ol-aruas, Ol-esos, and Koiseka hills, and shortly afterwards cut
 into Sclater's road, continuing along it for about 10 miles in a westerly
 direction. We camped some 3 miles from the old Nandi Boma
 (Kipturi's), at a place called Kyapkiribisi, in the Kyaptalum country.
 Height, 7200 feet.
 August 15.-After a march of about 14 miles we reached Fort Nandi.
 Altitude, 6750 feet.
 NOTES AND SUGGESTIONS ON GEOGRAPHICAL SURVEYING
 AND PRACTICAL ASTRONOMY SUITED TO PRESENT RE-
 QUIREMENTS.t
 By E. A. REEVES, F.R.A.S., Map Curator and Instructor, Royal Geo-
 graphical Society.
 THE advance of geographical exploration and discovery during the last fifty years
 has been so rapid and continuous, that there remain at the present time few parts
 of the Earth's surface that are entirely unknown. With the exception of the polar
 regions, and certain very limited areas of Central Asia, Africa, and the other
 continents, the pioneers of Western civilization have penetrated into all the remote
 parts of the world, and brought back with them some account of the lands they
 have visited, from which it has been possible to fill in the large blank spaces that
 were but a few years ago so conspicuous upon our maps, although in many cases
 the cartographical material from which this has been accomplished is far from
 satisfactory. It is therefore true that, to a great extent, the romance of travel is
 fast disappearing. The grand old days of Columbus, Drake, and Cook are gone,
 never to return; and even to come much nearer to our own times, it is impossible
 for a future Livingstone or Stanley to penetrate into vast unexplored regions, how-
 ever fearless and intrepid explorers they may be. The one exception is, perhaps,
 in the neighbourhood of the poles, but even here recent activity has considerably
 diminished the unexplored areas.
 Although it is thus a fact that the work of the pioneer explorer of the old
 order is being brought to a close, yet that of the true scientific traveller and
 surveyor is but beginning. Far from it being the truth that the work of the Royal
 Geographical Society is coming to an end, we there are, in a sense, but making
 a commencement in our science, and beginning to obtain a correct idea of the
 Earth upon which we live, its natural phenomena and inhabitants. This is true
 in every branch of geography, but especially is it the case with reference to that
 * En-derge is the name of a tree.
 t Paper read at the Southport Meeting of the British Association, Sept., 1903.
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 most important one, that which lies at the foundation of all the other branches,
 and upon which all these must necessarily depend-the accurate measurement of
 the Earth itself, the correct fixing of positions upon its surface, and true deline-
 ation of its natural features. Herein lies the work of the future geographical
 surveyor. The days of rough route-mapping are past. A man who only makes
 a hurried journey through some imperfectly known district, without proper
 previous training, and who is able, consequently, only to bring back with him
 a rough prismatic compass sketch of the route he has taken, will, at the present
 time, find that he has not rendered any great service to geography-in fact, it is
 quite likely that his labour will be found to be of no value whatever. That sort
 of work might be all very well in the early days of exploration, but what is wanted
 now is something better and more reliable-survey work which will take the
 place of first approximations and rough sketches, and which, if not possessing
 the extreme accuracy of a complete trigonometrical survey, shall at least have
 some scientific basis, and be far more reliable than anything previously existing.
 This is an important point, for it is quite painful at the present time to inspect
 a route-map made by a man with evident pains (but without any pretence at
 scientific accuracy), of a journey he has undertaken through perhaps some part
 of Africa, and of which there are possibly far better maps already in existence.
 There are hundreds of these route maps, so called, in the Royal Geographical
 Society's map-room, and many of them intended to represent the same district;
 but so extremely rough are they, and so little do they resemble one another, that
 no one would be aware of this fact but for the title they bear. But, further, even
 when there has been an attempt to correct the position of the places by astrono-
 mical observations, it is surprising what crude ideas are often possessed by those
 responsible for the work, and, through want of previous training and knowledge,
 it has frequently happened that these so-called " observations " are but delusions
 and snares, and give the maps an appearance of accuracy which they in no wise
 deserve. Not long ago I was requested to work out some observations into which
 time entered as an important factor, but I could make nothing of them; and,
 upon inquiry, was informed that the times were taken with a half-crown clock
 bought at Cape Town, and which was without a second-hand. However, the
 observer told me that he thought the times were near enough.
 What is wanted for the future is not this sort of mapping work, but something
 far more reliable; and let the future surveyor in imperfectly known parts of the
 Earth remember that, although there may be less romance attached to the journeys
 he may make than there might have been fifty years ago, and less opportunity for
 the exercise of his imagination, by previous study and training, by providing
 himself with more reliable instruments, and generally aiming at a far higher
 standard of accuracy than his predecessors, he will be able to replace fiction by
 fact, much that is doubtful by certainty, and the approximation by actual truth.
 We have, I believe, arrived at an important epoch in the progress of the
 science of geography, and this fact is, I feel sure, recognized by all its leaders,
 in whatever branch their special field of labour may lie. For my own part, and
 in that department with which I am particularly concerned, I am convinced that
 this is the case. We are, so to speak, to begin afresh now in earnest in our search
 for truth, to go over our work again, with the object of producing a cartographical
 representation of the " new lands " of the Earth, for the first time based upon true
 scientific principles, and upon systematic geographical surveys, which shall give
 a far more correct representation of these countries than have so far been possible.
 How is this best to be accomplished ? This is the important question, and the
 one upon which I desire now to offer a few remarks, and to which I have naturally
 given considerable attention,.
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 In a brief paper such as this, it is, of course, impossible to do more than deal
 in the broadest generalities with so vast a subject, and I shall not attempt any-
 thing further than to indicate the lines upon which it appears advisable to work
 in the future, and a brief mention of some of the more important instruments and
 methods which a surveyor is likely to follow with the best prospects of doing the
 work that is now required of him, and produce a fairly reliable map.
 In the first place, I would call special attention to the excellent opening
 address of Sir Thomas Holdich, as president of this Geographical Section of the
 British Association last year, which is published in the number of the Geographical
 Journal for October last. Apart from giving a good general idea of what has
 been accomplished, he sets forth most clearly the work that remains to be done
 in the future, and I feel sure that many who have not read this paper would profit
 by a careful consideration of it.
 In what I am now about to state, and the lines of operation I propose to lay down,
 I shall be guided a great deal by the course of instruction of the Royal Geographical
 Society as it is at present arranged, for the reason that considerable attention has
 lately been given to this matter, and every attempt is being made to make this course,
 as far as circumstances will admit, suited to modern requirements and conditions.
 In the first place, before starting upon a surveying expedition, it is important
 that full inquiries should be made as to what has already been accomplished, and
 as to whether any points have been fixed previously, with sufficient accuracy to
 form a basis for future work. It may at first seem superfluous to call attention
 to this, but experiernce shows that this is not at all the case, and instances could
 be mentioned where extremely rough independent sketch-maps have been made
 through districts which have been known and mapped with greater accuracy before,
 and it often happens that, through not knowing what has been done beforehand, a
 traveller attempts to fix the position of places upon his map independently, with
 some small portable instrument that can only give an approximate result, when
 the latitude and longitude has been previously determined with fair accuracy.
 With the recent rapid advance in the construction of telegraph lines, railways,
 boundary delimitations, and other surveys of considerable exactitude, the regions
 of the Earth's surface where an explorer is likely to be so situated that he will
 find no fixed points to which his mapping can be adjusted, or which will serve
 as starting-points for his surveys, are becoming fewer every year, and it is to be
 hoped that in a time not far distant lines of triangulation will be carried across
 all those regions of the Earth that are likely to be settled by Europeans. In
 Africa remarkable progress is already being made in this direction, and, what with
 the transcontinental telegraph line, the important geodetic base-line now being
 undertaken in Rhodesia; the Sudan, Uganda, Rhodesia, and other railways; the
 Nyasa-Tanganyika, Anglo-Portuguese, Sierra Leone, Abyssinia, and other boun-
 dary surveys; the work of French and German officers in West and East Africa,
 and other important surveys which cannot now be referred to, the traveller who
 is starting upon a surveying expedition in that continent will, even at the present
 time, stand a good chance to find some points upon which to base his work-
 points which have been fixed with greater accuracy than he will be likely to
 obtain during a hurried journey, and with the small portable instruments generally
 carried on such occasions. Then, again, in the case of Asia, full inquiry should
 be made as to what survey work has been done in the region to be visited,
 especially anywhere near the trans-frontier regions of India, where many points
 have been fixed with considerable accuracy by triangulation. The same remarks
 apply to other parts of the world, although of course there are still regions in all
 continents, except perhaps Europe, where nothing at all reliable in the way of
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 survey work has yet been attempted, and in which the traveller will be thrown
 entirely upon his own resources, and have to fix the position of places by the best
 means possible under the circumstances in which he may be placed.
 Apart from the ordinary rough methods of route surveying with prismatic
 compass, which, if unchecked by some means or other, can only give the approxi-
 mate and discordant results, alas ! so familiar to many of us, there are, therefore, two
 methods of procedure open to a traveller who has a knowledge of practical astronomy
 and surveying. The first is that of making use of points accurately fixed already,
 extending the map by triangulation from these, and filling in detail between them;
 and the second, the independent method which has to be resorted to when no fixed
 points are available, and in which case positions of important stations have to be
 determined chiefly by astronomical observations before the filling in of detail can
 be undertaken. Upon these two methods I now venture to make a few remarks.
 Where good points are available, as has been already stated, the former should
 be adopted, as it is far more likely to yield good results under ordinary circumstances
 than the latter, and therefore this shall be considered first. But, to begin with, there
 are important preliminary matters to be attended to, which apply equally to what-
 ever method of survey is followed, such as the selection of instruments, the most
 suitable scale and projection for work in the field, and other things which should be
 fully discussed and settled before commencing work. As regards instruments, it is
 generally quite out of the question to take a large zenith telescope, and first and
 foremost in the geographical surveyor's outfit comes the transit theodolite. I am
 perfectly aware that there are times when it is even impossible to carry a theodolite,
 owing to its size and weight, and the more portable substitute, the sextant, has to
 take its place; but, from a somewhat lengthy experience of the work done with
 both of these instruments, I would strongly recommend that a good theodolite
 should be taken when it is at all practicable, and I have often found, in conversation
 with travellers, that the difficulty concerning its carriage is more imaginary than
 real, or, if it actually exists, it can be frequently overcome by a man who is intent
 upon doing good work. Other things are often taken of greater weight and bulk,
 but of much less importance, than a 6-inch theodolite.
 However valuable the sextant may be to the mariner, and notwithstanding the
 good work that can be done with it on land by a capable man, my experience has
 convinced me that a good theodolite is the instrument for a surveyor, not only
 because it is more generally useful to him for all kinds of work, but on account of
 the greater accuracy of the results obtained. To take latitude as an example, with
 a 6-inch theodolite, a good observer, with an instrument of the most approved
 pattern, ought certainly to get a mean result from two sets of circummeridian
 altitudes of north and south stars that will not be more than one or two seconds in
 error, and, in fact, this is being done continually by gentlemen working with me;
 but with a sextant I should not like to trust the latitude to at least 10 seconds,
 even when the altitudes have been taken with the best instrument and by a most
 experienced observer, although, of course, results sometimes come out nearer than
 this. I should like to say a good deal more about the comparative merits of these
 two instruments, but time will not permit. There are, however, occasions when a
 sextant is the only instrument that can be taken for astronomical work. and in this
 case the most serviceable one is, I think, a 6-inch, reading to 10 seconds, to be
 used in conjunction with a folding roof mercurial artificial horizon.
 Now, as to the kind of theodolit- best suited to the surveyor in little-known
 countries, I cannot do better than recommend a 6-inch transit theod .lite, reading
 with micrometers on both vertical and horizontal circles to 5 seconds, and by
 interpolation to 2 seconds, or failing this, by verniers to 10 s(conds. It should,
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 of course, possess a complete vertical circle, and care should be taken to see that
 the telescope reverses freely when using either the direct or diagonal eyepiece set
 at focus. This is an important point, and one that is often overlooked. The level
 should be fitted to the vernier arm of the theodolite, and not on the telescope,
 as is the case with some instruments. This is most important for exact results,
 to obtain which the level readings have to be noted, both for "face right" and
 "face left" observations, and a correction for dislevelment applied to the mean
 altitude. When the level is on the telescope itself, this is impossible. The
 diaphragm of the telescope should be fitted with a horizontal wire and at least
 three vertical wires, which should be well illuminated for star work, and there
 should be only three levelling screws. The telescope might also be arranged to
 take a subtense diaphragm with two movable wires. These are some of the
 more important points to be considered in selecting a theodolite. There are others
 which I have not time to refer to now, but I shall be glad to give any advice in
 my power privately, if so desired. There is, however, one other matter upon which
 I must say a few words, and that is the magnetic needle; especially as our worthy
 President, Captain Creak, has, in conjunction with myself, lately given serious
 consideration to this matter. The trough compass needle of the plane-table kind,
 which should be made to reverse, is much to be preferred to the circular compass
 usually fitted to the theodolite, but even this is often far from what it should be,
 especially in reference to the method of setting. It is true that the magnetic
 bearing, when the needle has been made zero, can be read with an appearance of
 great accuracy by means of the verniers, but it is often with an appearance of
 accuracy only, as the means of setting the needle to zero is usually extremely
 rough. Several improvements have, however, been made recently in this matter,
 which it is to be hoped will facilitate greater accuracy; for although it is true that
 no good surveyor will make his map to depend upon the magnetic needle, yet there
 is no reason why he should not, as Captain Creak has pointed out, bring home with
 him valuable determinations of the magnetic declination in the regions visited.
 For the first method of survey, previously referred to, the instrument next in
 importance to the theodolite, or its substitute the sextant, is doubtless the plane-
 table, and I will now say a few words upon this. In the first place, it should be
 as simple as possible, consistent with accuracy. It should not be unnecessarily
 large or heavy, and no attempt should be made to combine it with a theodolite.
 At the same time a simple telescope with cross-wires, which can be moved vertically
 through a few degrees, is a great assistance in distinguishing distant points, and
 for sighting on to points of considerable difference of altitude. I have had a
 telescope constructed upon an alidade which can be folded into a flat box, and
 it thus takes up very little more space than the ordinary alidade. This adds but
 little to the cost of the instrument, and the advantage gained is well worth the
 additional sum. The method of clamping the table is often faulty, and I have
 found a horizontal slow-motion screw, which I have fitted to the instrument, a
 great advantage. A small clinometer or vertical arc to give approximate angles
 of altitude will often be useful. For ordinary purposes a table measuring about
 2 by 1j feet is perhaps the most serviceable, but for mountaineering expeditions
 one much smaller and lighter could be employed. The plane-table deserves to
 be more generally used than it has been, as even for traversing it gives better
 results than a prismatic compass. Of course, there are other instruments a traveller
 should take with him, such as half-chronometer watches, a portable barometer
 (George's is perhaps still the best), boiling-point thermometers, aneroids, etc.; but
 of these there is no time to speak now, although I feel compelled to say a few
 words about the watch. This should be of first-class manufacture; that in a water-
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 tight case of the pattern recommended by the Royal Geographical Society is
 perhaps the most suitable and reliable, although it is quite a mistake to imagine
 that any chronometer or watch will keep a perfect rate when travelling, and even
 if observations are taken as often as possible to obtain the rate, it has been found
 practically impossible to carry Greenwich time with the accuracy required for good
 results in longitude, and for this very reason geodetic longitudes, depending upon
 previously fixed points, are generally to be preferred. Still, good watches are im-
 portant, as differences of longitude can often be obtained by them, in conjunction
 with careful observations for local mean time, with considerable accuracy, especially
 if the route passes between the places more than once, and careful observations
 have been taken for rate.
 The scale and projection most suitable for work in the field next call for
 consideration. The former must of course depend, in great measure, upon the
 area to be mapped, the time that can be given to the work, the amount of detail
 required, and several other considerations; but for ordinary purposes of geo-
 graphical mapping, perhaps the most serviceable is that of 1:250,000, or
 3'94 miles to an inch. This has, I believe, been adopted at the Intelligence
 Division of the War Office as their usual scale for work in the field, and has
 proved to be satisfactory. It differs but little from the 4-ruiles-to-l-inch scale
 adopted for trans-frontier work in India. This scale admits of the leading features
 of a country being represented, and at the same time enables a surveyor to include
 a fairly large area upon his plane-table sheet. Where more detail is required, the
 scale of 1:125,000, or little larger than 2 miles to an inch, has been found to
 answer well; and, in fact, one of the maps, from their own surveys, that gentlemen
 working with me place before the examiners as a part of the work they have
 to do in order to obtain the Geographical Society's diploma, is upon this scale.
 But whatever scale is adopted, let it be some proper multiple of the 1: 1,000,000,
 which is now taken as the standard or unit for all maps. In connection with
 this question of scale, it is most important that a geographical surveyor should
 learn how to generalize the physical features of a country, and be able to represent,
 in the first place, the leading characteristics of the region to be mapped, without
 giving undue prominence to detail, the amount of which must necessarily depend
 upon the scale adopted. This is not such an easy matter as it may appear at first,
 and requires considerable previous training. It is not at all unusual to find that a
 man has crowded his map with small hills and tiny streams, giving them an
 importance which they do not really possess, and at the same time altogether
 omitted to bring out the leading features of the region, which he has, indeed, often
 quite failed to grasp. One great thing for a geographer, as for all students of
 nature, is to learn to generalize, and for this previous training is absolutely
 necessary. Here a man who has some knowledge of geomorphology and physical
 geography has the advantage, and he is likely to bring home a far better map
 of a country than one who has not. Before commencing the practical survey work
 in the field, I generally find it worth while to take gentlemen over the ground to be
 mapped, and give them some idea of the characteristic structural features. The
 Oxford and Cambridge schools of geography are doing excellent work in this direc-
 tion, and the fruit of the instruction there given will doubtless be apparent in the
 work of the geographical surveyor of the future. I should like to say more about
 this, but time will not admit. However, later on I may have occasion to refer to
 the subject again in reference to the drawing of the map and the delineation of
 physical features.
 The next question to be considered is that of the projection, for unless the area
 to be surveyed is extremely small, some proper projection must be employed
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 to allow for the spherical form of the Earth, convergence of meridians, etc. This
 is a matter that has received considerable attention of late, and the general
 conclusion is that that usually known as the " Survey of India Projection" is,
 taking all things into account, the most suitable for the geographical surveyor to
 adopt for his plane-table work in the field. This projection is extremely simple,
 and merely supposes a small section of the curved surface of the Earth-say a
 degree square-to be planed off, when upon this plane surface the natural features
 of this small area can be represented without appreciable distortion. Several sheets
 can afterwards be joined together without much difficulty, but of course the distor-
 tion would appear if it were attempted to join many of them. Strictly speaking,
 each sheet is a separate projection. Tables have been computed to facilitate the
 construction of this projection, and these will be found in the 'Auxiliary Tables'
 of the Survey of India, the Chatham School of Engineering 'Handbook of
 Military Topography,' the R.G.S. ' Hints to Travellers,' and elsewhere.
 So far all that has been said applies equally to the work of the surveyor,
 whether his map is to depend upon points previously determined, or he has to
 undertake an entirely independent survey. I will, however, now attempt to give
 a very brief outline of the process which it would be advisable to follow in
 each case.
 In the first place, having made his projection, and constructed his diagonal
 scales-one of miles and decimals of a mile-and others to read seconds and
 decimals of seconds of latitude and longitude, the surveyor proceeds to place
 upon his plane-table sheet, in their exact latitudes and longitudes, as many of
 the fixed points as are likely to be of service to him. He should now set up
 his theodolite at one of the fixed points, or if this is quite out of the question,
 should set it up in some position from which he will be able to extend his survey
 in the line in which he is about to travel, and take angles to the fixed points from
 which he will be able to compute his new position. Making one fixed point zero,
 rounds of horizontal angles, both " face left" and "face right" and reading both
 A and B verniers, should now be taken, and the vertical angles observed, to all the
 more important distant peaks and other prominent objects, being careful to note
 the level readings. This same operation should, if possible, be repeated at several
 of the fixed points, and the surveyor will then be furnished with the means of
 computing geodetically, with considerable accuracy, the latitude and longitude of
 the new points observed, allowance being made for spherical excess where the
 distances are great. When computed, the latitudes and longitudes of these points
 should be tabulated. It sometimes happens that it is impossible to do more than
 make one fixed position a starting-point, in which case the theodolite should be
 set up in this position, and making some distant point in the line of march, which
 can afterwards be visited, the zero, a careful round of angles should be taken to all
 prominent objects that are likely to be seen later on from another position. Now,
 before the theodolite is moved, with the same distant point still zero, take careful
 observations for the true bearing of the distant point made zero, which can be done
 by east and west stars, reading at the same time as the altitudes the horizontal
 angle between the object and the star. From these observations it will be possible
 to compute the true bearing of the zero line with considerable accuracy. Later on,
 when the point made zero is reached, set up the theodolite, and, sighting back at
 the station left, which must now be made zero, repeat the operation. At this new
 position careful observations must be made for latitude, by circummeridian
 altitudes of north and south stars. As before stated, the latitude resulting from
 these observations, if carefully taken with a good 6-inch theodolite, should not be
 more than one or two seconds in error. With the latitudes of these two stations
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 and their true bearings known, it is possible to compute the distance between
 them, and their difference of longitude, with considerable accuracy. There is not
 time now to go into this matter fully, or to do more than suggest the method that
 might be followed. I shall be glad to go into detail afterwards with any one
 who wishes to know more about it, but it is dealt with in several good books
 on surveying. Special tables are given to facilitate the computations in the
 'Auxiliary Tables' of the Survey of India and the Chatham Royal Engineers,
 'Handbook of Topography.' Briefly, the computation consists of a suitable
 arrangement of the ordinary formulae of spherical trigonometry, after first correct-
 ing the sides of the triangle, which are the co-latitudes of the two stations for
 the compression of the Earth. This, which is generally known as the latitude
 and azimuth method, is certainly the best means of obtaining an astronomical
 base-line for a survey, and when it is impossible to get a base by actual measure-
 ment or extension of triangulation, I would recommend that it should be adopted.
 In this matter I can now speak from considerable experience, for one of the maps,
 which takes in area of over 150 square miles, which my pupils present at their
 examinations, depends entirely upon a base-line obtained in this manner, and this
 base is rarely found to be more than 50 feet in error in a distance of over 9 miles,
 or say, an error of about 1 foot in 1100 feet. Sometimes the results come a
 good deal nearer, and this is by no means an exceptional degree of accuracy, for
 it is often repeated, although fresh base-lines are chosen. I do not, of course,
 recommend this method of getting a base-line when an actually measured one
 can be obtained, but on a journey, when time is pressing, it might often be
 adopted with advantage, although its value depends a great deal upon the general
 direction of the route, for on an east-and-west route it could not be used. By this
 method a survey can often be continued for a considerable extent, the operations
 being repeated from other stations, and rounds of angles again taken. The map
 should, however, be checked by measured bases wherever possible. When at all
 practicable, the length of a base line should always be obtained by actual measure-
 ment. A mile base can be chained three times over (to give a mean value)
 easily in a day, whilst from the two ends of it observations are taken with the
 theodolite, latitude and azimuth being only determined at one end. With the
 Jaderin apparatus the process would be far quicker. Observations can be com-
 puted at night, after being taken as soon as the stars are visible, and latitudes
 and longitudes (latter assumed at the base end) of observed points ready for
 projection on plane-table in early morning. As the party moves on past the
 points observed, a new base should be measured, and its position interpolated
 by computation from the old points (even a plane-table interpolation is good
 enough for the topographer), fresh points observed, computed, plotted, and utilized
 for topography; and so on, measuring bases at every opportunity. In this
 way a party of two surveyors and five or six chainmen can move at marching pace
 (say, 20 miles a day), and keep up continued mapping on favourable ground when
 good points are plentiful and visible. When it is impossible to see more than a
 short distance, traverse with the plane-table, get distances with pedometer or
 perambulator, and check with latitudes each night. In this way mountain-climbing
 is reduced to a minimum. The vertical angles will furnish the means of obtaining
 the relative altitudes of different stations, care being taken to correct for curvature
 and refraction. The system of exact contouring is generally out of the question,
 except in large-scale plans of small areas, and the general indication of the relief
 by horizontal "form lines" is, perhaps, the best to adopt, with as many fixed
 heights as possible given, not only of hills, but of valleys and low-lying lands
 as well.
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 So much for an outline of the theodolite part of the work, but now for the
 plane-table. With this instrument the observer should proceed to fill in detail
 between the triangulation points, starting from one of the fixed positions, and
 orienting his table by others, if possible; but where this cannot be done, he must
 find his position and orient his board by one of the applications of the three-point
 problem. Unless absolutely unavoidable, the magnetic needle should not * be
 employed for this purpose, as it can never be relied upon; and even if it is found
 necessary to make use of it occasionally in traversing, the surveyor should check his
 position by the three-point method as often as possible. Having determined his
 position and oriented the board, he then proceeds to fix as many other points as
 possible, drawing rays to all prominent objects, bends in rivers, etc. Even if the
 intersection of two rays drawn to any distant object should give a very bad angle,
 it is often well to draw the rays, for they will give a rough idea of the position, and
 assist in the identification of the point when it is seen from another position later on,
 which is often a very difficult matter, owing to the various forms an object, such
 as a distant peak, will assume when seen from different positions. The plane-table
 surveyor should not, however, be content with merely fixing points; another
 important part of his duty is to sketch in the topographical features of the district,
 and this should be done as far as possible on the spot, and at the time-not after-
 wards from rough notes and sketches. These latter are all very well, and will
 assist in making the final map, but the leading features should be drawn at once
 upon the plane-table. As examples of this method of surveying, I might mention
 the maps of Captain Deasy and Dr. Stein in Central Asia, and several others.
 We now come to the other part of the subject, in which it is supposed that the
 explorer is-so placed that he has no fixed positions to work from, and has to depend
 entirely upon his own determinations of latitude and longitude. The suggestions
 I have to make at the present time upon this subject must necessarily be very brief,
 and I cannot do more than indicate what appear to me to be the methods of opera-
 tion most likely to give the best results, without attempting to deal with them fully.
 I shall be delighted to give fuller information to any one desiring it privately, but
 he cannot do better than consult the standard works on the subject, such as
 Chauvenet's or Loomis's ' Practical Astronomy,' 'Manual of Surveying for India,'
 ' Notes on Astronomy,' of the Chatham School of Military Engineering, the R.G.S.
 'Hints to Travellers' Wilson's 'Topographic Surveying,' Godfrey's 'Astronomy,'
 and several others I could mention.
 On arriving at his field of operation, the first thing a traveller has to do is
 to get a good determination of the latitude of some place with a theodolite,
 which will serve as a starting-point for his proposed survey. There ought to be
 little difficulty about this, especially as it is not necessary to have exact Greenwich
 time for the purpose. The latitude should be fixed by circummeridian altitudes
 of north and south stars, and the altitudes, which must never be low, should, if
 possible, be taken both east and west of the meridian in each case, the hour angles
 not exceeding 15 minutes. In northern latitudes the pole star can often be
 taken as the north star, and the latitude computed by the Nautical Almanac
 tables. When care is taken in interpolating the differences between the quantities
 given in these tables, the proper proportional part being allowed in each case,
 sufficient accuracy can be obtained by this method of computation. We often get
 results differing not more than a second or two from the latitude as given on the
 * The needle is very useful in order to get the first approximate orientation of the
 plane-table, and is always a useful check against mistakes in the identification of
 points.
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 6-inch Ordnance Survey. The latitude resulting from the meridian altitude of the
 south star will serve as the approximate latitude necessary for the more exact
 method of computation of this star.
 It is most important that all observations should be balanced, and therefore the
 mean latitude arrived at from the results obtained from several stars passing the
 meridian to the north and south of the zenith should be that finally adopted. The
 other methods of obtaining latitude, of which there are, of course, many, do not as
 a rule give such good results; the double altitude method may be useful in cloudy
 weather, and, indeed, if a halt of some duration cannot be made, this has often been
 found to be the only available means of obtaining latitude. It must, however, be
 remembered that this method cannot be adopted with any satisfactory result if
 there is not a considerable change in azimuth corresponding with the change in the
 hour angle, or, in other words, it is useless when the declination and latitude are
 nearly the same.
 Having obtained the latitude, the next thing is naturally to find the longitude,*
 and this is a far more serious business; not that there are any great difficulties in
 the way of the observations or in the computations, but the trouble lies in the
 fact, which has already been referred to, that it is almost impossible to carry
 Greenwich time. The best watches and chronometers, notwithstanding their many
 improvements, cannot be depended upon to keep a rate sufficiently reliable for
 giving the longitude with the accuracy now required, although they may go all
 right before leaving home.
 The construction of ships' chronometers and half-chronometer watches has
 reached great perfection, and they go remarkably well under ordinary conditions,
 but it is quite another thing when either watches or chronometers are subjected to
 all the vicissitudes and oscillations which they must inevitably meet with on a
 long overland journey. True, careful observations may be taken for rate, but
 even then the difficulty is not anything like overcome, and I can assure you that
 the wasted labour and disappointment of travellers who have trusted to their
 watches for Greenwich time is lamentable. Doubtless, the best watch that a
 traveller can take with him is one of the R.G.S. pattern, a half-chronometer in
 water-tight case; but he must not rely implicitly on this, and should certainly
 take at least three of them. I have come to the conclusion that if a traveller is
 away from all telegraphs, and has no points the longitudes of which have been fixed,
 and no means of obtaining Greenwich time apart from his watches, the best thing
 he can do is to get differences of longitude between the various stations upon his
 route, by the latitude and azimuth method previously described, if possible; or,
 failing this, to fix the relative longitude of places in reference to one station, which
 should be taken as the standard, by the " meridian distance " method described in
 the ' Hints to Travellers,' for which purposes his watches ought to go sufficiently
 well. By so doing, the longitudes on his map will be relatively correct, and all
 that is required is that later on one of the positions should be accurately fixed.
 Whenever at all possible, the difference of longitude between the places should be
 determined more than once, but this generally means that the distance between
 the places has to be traversed several times, which is, of course, often out of the
 question. The observations for local mean time in connection with longitude
 observations (or, indeed, for any purpose) that I would recommend are the star
 * It is better, perhaps, not to attempt observations for longitude at first. Its
 determination in no way affects the accuracy of the survey-only the geographical
 position, which very frequently can be determined at the end of the survey. Of course
 an approximation must be adopted for computing purposes.
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 equal altitude method, several stars of an altitude greater than 40? being taken at
 different times, and the east-and-west star method. The local mean time resulting
 from either of these methods has been found very satisfactory when the observa-
 tions have been carefully taken. The sun, as a rule, does not give such good
 results. Of the so-called absolute methods of obtaining longitude, or observations
 from which the Greenwich Mean Time can be found, there are, of course, several-
 occultations of stars, lunars, moon-culminating stars, eclipses of Jupiter's satellites,
 and others-but there is only one of these that I can with any confidence recom-
 mend to the geographical surveyor, that is the occultation. The observation is simple,
 although a good telescope is necessary, and great accuracy is required in noting the
 time by the watch of the occurrence of the occultation. The disappearance usually
 gives a better result than a reappearance, and when the disappearance takes place
 on the dark side of the moon, at about first quarter, very fair results have often
 been obtained, say, with an error of longitude varying from 30" to 1' 30". The
 computation is necessarily lengthy, but I think the method in the 'Hints to
 Travellers' is about the shortest and simplest of them all, and it can be relied
 upon for its accuracy. Colonel Grant's most ingenious method of predicting
 occultations, recently somewhat shortened by Mr. Crommelin of the Greenwich
 Observatory, has much facilitated the computation of the prediction. Wireless
 telegraphy will possibly come to our aid in the matter of fixing longitudes before
 long.
 Next to the occultation perhaps the moon-culminating-star observation should
 be mentioned, but unless the instrument has been placed accurately in the meridian
 beforehand, the error in longitude is most serious.
 I will not detain you longer, although I should much like to be able to enter more
 fully into these matters. There are many subjects that I have not referred to at
 all, and those that I have touched upon I feel have been so summarily dealt with
 that the few words I have been able to say can be of little use. I have not referred
 to the photographic surveying, and all I can say at the present time upon this is
 that, although it may be useful for obtaining rapidly the necessary detail for filling
 in a map, it can, of course, never be supposed to take the place of theodolite work,
 nor, indeed, to supersede the plane-table. Under certain conditions it has proved
 serviceable, and especially so in mountainous regions, when the peaks are often
 obscured by mists. With a photo-surveying camera views may be taken in a few
 minutes that will afterwards furnish the means of fixing a large number of peaks
 upon the map with more or less accuracy. Photographic surveying is, after all, but
 a form of plane-tabling, and depends equally on triangulation, or even more so,
 the chief difference between the two methods being that with the plane-table
 sights are taken to the objects themselves in nature, whilst with the photo-survey
 method the plane-tabling is done afterwards, in the office, from the representa-
 tions of the various peaks upon the photographs. It stands to reason, whatever
 value the latter method may have under certain circumstances, that errors are
 very liable to creep in in plotting from the photographs, and that the plane-table
 should, under ordinary conditions, give the best results. For photographic survey-
 ing, as employed by the traveller, what is wanted, it seems to me, is, not an
 elaborate and costly combination of camera and theodolite, but some simple and
 cheap arrangement that can be employed in connection with an ordinary camera,
 which will enable a traveller to take photographs that are both interesting and
 instructive as representing the geographical features of the country, and at the
 same time can be employed for filling in his map.
 As to the drawing of the map, let me say just a word. I feel very strongly
 that it is not enough for a surveyor to be able to fix points, but that he should
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 himself, and not trust entirely to a draughtsman at home to do this afterwards.
 It is doubtless true that comparatively few men would ever make really good
 draughtsmen, but training has a great deal to do with the matter. There are
 persons whom I could mention now, who are well able to interpret .the leading
 features of a region, and can fix positions with considerable accuracy, but have
 not the slightest idea of map-drawing, and consequently the rough sketches they
 send home are often almost unintelligible. The draughtsman, who has never
 been out of England perhaps, cannot be expected to give such a faithful repre-
 sentation of the features of the region explored as the surveyor who has been in
 the country, and often a map suffers much in accuracy for this very reason.
 In conclusion, let me lay stress on the importance of proper training for this
 work, for it is a great mistake to think that the necessary knowledge can be
 acquired from a few short lessons.
 I have brought with me some specimens of maps from surveys made to a great
 extent on the lines here suggested, as well as examples of the work recently done
 by some of my pupils for their examination for the Society's diploma, and these you
 will see upon the table. I should also like to call your attention to a new clamp
 and slow-motion screw arrangement which I have had fitted to a sextant, but which
 is equally applicable to any other angular measuring instrument. It has at least
 one great advantage over the old form, inasmuch as it is impossible to get to the
 end of the tangent-screw, which often happens at a most awkward time, in the
 middle of a set of observations.
 REVIEWS.
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 THREE BOOKS ON FRANCE.
 'L'Histoire de la France:' Tome Premier I. Tableau de la geographie de la France.
 Par P. Vidal de la Blache. Paris: Hachette et Cie. 1903. Pp. 395, 64 maps and figs.
 'L'Architecture du sol de la France.' Par le Commandant 0. Barre. Paris:
 .Colin. 1903. Pp. iii., 393, 189 maps and figs.
 'Geographie agricole de la France et du Monde.' Par le Comte J. du Plessis
 de Grenedan. Paris: Masson. 1903. Pp. xx., 425, 118 maps and figs.
 THE development of geographical interest and ideas in France has been clearly
 indicated in the past eight months by the appearance of three new works,
 which discuss three different phases of its geography. The most general is the
 Tableau of Prof. Vidal de la Blache, which forms the opening half volume of a
 great history of France, which the indefatigable Prof. Lavisse is adding to the
 vast works he has already planned and supervised in such a masterly manner.
 The second, by Commandant Barre, discusses the architecture of the surface of
 the country, and continues and summarizes the series of papers which he has
 already published. The third deals with the agriculture of France, and is from
 the pen of the Count J. du Plessis de Grenedan, professor at the Angers Agri-
 cultural College, who supplements his account of the home conditions by a valuable
 survey of the agriculture of the colonies, and, more briefly, of the whole world.
 Commandant Barre calls his book an essay in tectonic geography. He begins
 with a general chapter, then, after a brief account of the geological history of
 France, classifies France into regions, each with a typical land form, and finally
 describes the structure of these regions in some detail. He divides France into
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